Cinnamic acid derivatives are important odorants due to their characteristic scent. Some fragrance materials, such as cinnamon bark, matsutake mushrooms, and Kaempferia galanga L. rhizome (galangal), contain several cinnamic acid derivatives as important odor constituents. The main odor constituent of galangal is (E)-ethyl 4-methoxycinnamate, but the odor of this compound is different from that of galangal. We investigated the aroma profile of galangal using our previously described method that considers the intermolecular interactions of the odorant compounds with their receptors. Odorant compounds in galangal were extracted by hexane extraction, steam distillation, and headspace sampling. The odor of the hexane extract was different from that of the steam distillate and similar to that of galangal; therefore, we searched for the key compounds contributing to the aroma profile of galangal by separating the constituents of the hexane extract. A fraction with a galangal-like odor was obtained by bulb-to-bulb distillation of the hexane extract. The main component of this fraction was not (E)-ethyl 4-methoxycinnamate, but rather ethyl cinnamate. These results indicate that ethyl cinnamate is more important in the aroma profile of galangal than (E)-ethyl 4-methoxycinnamate. GC-MS analysis revealed that this fraction contained aromatic compounds, cyclic terpenes, and linear chain compounds in addition to ethyl cinnamate. We synthesized cinnamic acid derivatives and examined the importance of the odor expression of these cinnamic acid derivatives. Cinnamic acid derivatives lacking a p-methoxy group had a strong fruity odor. Replacement of the hydrogen atom at the para position with a methoxy group altered and weakened the odor. We found that a p-methoxy group in cinnamic acid derivatives plays an important role in the aroma profile of galangal.
Cinnamic acid derivatives are important odorants because of their characteristic scent. Several representative plants, such as cinnamon bark, matsutake mushrooms, and Kaempferia galanga L. rhizome (galangal), contain various cinnamic acid derivatives and the characteristic odors of these plants have been described in several papers. The odor of cinnamon bark is characterized by cinnamic aldehyde [1] and the odor of matsutake mushroom is characterized by a combination of methyl cinnamate and 1-octen-3-ol [2] . Galangal contains the cinnamic acid derivatives (E)-ethyl cinnamate (2) and (E)-ethyl 4-methoxycinnamate (1), but the aroma profile of galangal has not been characterized although the compounds responsible for the odor have been reported [3] .
We have studied the aroma profile of incense using methods developed in our laboratory [4, 5] and we reported that the odors of incense materials comprise several constituents with similar molecular shapes.
For example, sandalwood and frankincense have many constituents with similar molecular shapes, but the aroma profiles of these incenses cannot be explained by simple addition of the odors of the constituents. This suggests that interactions between constituents with similar molecular shapes give rise to the characteristic odors. The interaction between constituents is reflected by the recently reported response mechanism between olfactory receptors and odorants [6] in which one odorant molecule is recognized by several olfactory receptors, and one olfactory receptor responds to different odorant molecules with similar structures (Figure 1) [7] . This mechanism indicates that the combination of several constituents with similar structures creates an odor that is not the sum of the odors of each constituent. The main constituent of galangal is (E)-ethyl 4-methoxycinnamate (1) , but the odor of galangal is different from that of 1, indicating that constituents in addition to 1 contribute to the material's odor. Many aromatic compounds in addition to 1 have been reported, including (E)-ethyl cinnamate (2) [3] . The odor of galangal may be due to the combination of several constituents with similar structures and therefore we investigated the aroma profile of galangal using our previously reported method. The response of one olfactory receptor to many odorants has been investigated in many pioneering studies [6, 7] . These studies focused on olfactory receptors, whereas we are interested in investigating the odor reception mechanism based on odor molecules. Earlier reports regarding the mechanism of odor recognition revealed the complexity of this mechanism. We observed a change in the response pattern of olfactory receptors indicative of a change in odor when the structure of an odorant molecule was changed. We therefore attempted to understand the mechanism underlying the structural similarity of olfactory receptors by collecting systematic data on odorant structure-odor relationships.
A combination of two approaches is required to understand the olfactory mechanism. One is the evaluation of the aroma profile of NPC Natural Product Communications 2016 Vol. 11 No. 10 1463 -1469 odor materials with many odorants, which interact with each other to produce the characteristic aroma. This approach provides evidence that the sum of a group of odorants with similar molecular structures creates the material's characteristic odor. The other approach examines the similarities between the odorants' structures via structure-odor relationships. We first investigated the aroma profile of galangal by these two approaches, which have been used previously to evaluate the aroma profiles of other fragrance materials [8] . Approach I was used to examine the differences in odor and constituents of extracts obtained from the same fragrance material using several extraction methods. In approach II, we divided the constituents of the fragrance material into several groups with similar molecular shapes and high structural similarities ( Figure 2 ).
In approach I, odorants in galangal were obtained by hexane extraction, steam distillation, and headspace sampling. The odors of these extracts were different from that of galangal itself and the data indicated that the aroma of galangal did not depend on the ratio of the main components 1 and 2 (Table 1) . Hence, the key compounds in the aroma profile of galangal were identified using approach II and bulb-to-bulb distillation. The key compounds in the aroma profile of galangal were identified by separating the constituents of the hexane extract. The hexane extract had an odor similar to that of galangal. Bulb-to-bulb distillation of the hexane extract produced two fractions, 1 and 2, with a galangal-like odor ( Figure 3 ). The main component of both fractions was (E)-ethyl cinnamate (2) and they also contained a number of minor components. The odors of fraction 3 and of the residue were less similar to the original material and the main component of both was (E)-ethyl 4-methoxycinnamate (1). These results indicated that (E)-ethyl cinnamate (2) makes a larger contribution to the aroma of galangal than (E)-ethyl 4-methoxycinnamate (1). However, the odors of both 1 and 2 were clearly different from that of galangal, indicating that the aroma of galangal consists of a combination of (E)-ethyl cinnamate (2) and a number of minor components. We assumed that a number of minor components had a similar structure based on our approach. We analyzed fraction 2 by GC-MS and found a number of minor components in addition to the main ones. These minor components were classified as aromatic compounds, cyclic terpenes, and linear chain compounds, according to their characteristic structures ( Table 2 ). We found some cinnamate derivatives and many unknown compounds, which may contribute to the odor.
The aroma profile of galangal clarified that (E)-ethyl cinnamate (2) is the key odor compound and that minor components are structurally similar aromatic compounds such as cinnamic acid derivatives and structurally similar cyclic terpenes.
We previously reported the structure-odor relationships of anetholes, in which the substituent at the para position affects the odor of the anethole derivative [9] . (E)-Anethole is a key compound in the aroma profile of star anise. When the substituent designated as 'X' in Figure 4 was a methoxy group, different Y groups yielded compounds with odors different from that of (E)-anethole, and
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replacing the methoxy group at the para position with a hydrogen atom resulted in loss of these characteristic odors. All the compounds shown in Group B in Figure 4 produced similar fatty odors. The odor of anethole derivatives depended on the X substituent, where X was either a methoxy group or a hydrogen atom. Substituents at the para position of the benzene ring also played an important role in the odor evaluation of cinnamic acid derivatives but their contribution to the characteristic odors of star anise and galangal differed. For example, p-methoxy substituted benzene derivatives were important for the characteristic star anise odor, whereas mono-substituted benzene compounds lacking the pmethoxy group were key compounds for the characteristic galangal odor. This difference is presumably due to the relationship between specific olfactory receptors and the shapes of the odorant molecules. Given these results for anethole, we focused on the Y group of cinnamic acid derivatives because cinnamic acid and anethole have different structures. As previously mentioned, odors are not sensed until the olfactory receptors recognize the odorant molecules and thus structural similarity between odorant molecules is important. The relationships between the structure and the odor in odorant molecules are not always clear because there is no systematic information about those relationships. It is necessary to accumulate as much experimental evidence as possible about structure-odor relationships connected to the olfactory mechanism. Therefore, we investigated structure-odor relationships based on the following hypothesis ( Figure 5 ).
We hypothesized that if the odors of the cinnamic acid derivatives are similar, then the structures of the compounds should be recognized by similar olfactory receptors, whereas if the odors of the cinnamic acid derivatives are different, then their structures should be recognized by different olfactory receptors. We therefore synthesized the cinnamic acid derivatives shown in the Experimental section. First we compared the odors of compounds 2-5, which do not contain a methoxy group, as shown in Figure 6 . The odors of esters 2 and 3 were similar to those of ketones 4 and 5, respectively, and the odors of compounds with or without a C=C double bond were similar to each other (2 and 3, 4 and 5). In contrast, we found that the p-methoxy derivatives of 2-4, compounds 1, 8-10, had clearly different odors from one another, as shown in Figure 7 . The results indicated that the p-methoxy group is an important factor for determining the odor of cinnamic acids derivatives, consistent with the study on the structure-odor relationship of anetholes: the p-methoxy group of benzene compounds is a key structure in odor-receptor recognition. Cinnamic acid derivatives lacking a p-methoxy group (Group A) have similar odors. We believe that these compounds interact with one group of odor receptors because the structures of the compounds in Group A in Figure 9 have similar shapes for recognition by one group of odor receptors. In contrast, cinnamic acid derivatives with a p-methoxy group (Group B) have dissimilar odors, indicating that these compounds (shown in Figure 9 ) are recognized by different groups of odor receptors. The odors of compounds in Group A were clearly different from those of compounds in Group B. The results indicate that the olfactory receptors recognizing Group A and Group B compounds recognize fundamentally different structures ( Figure 9 ).
Next, we investigated the change in the nature of the odor of compounds lacking a carbonyl group or ester structure. All the compounds shown in Figure 10 had similar odors, showing that the odor did not depend on the presence of a C=C double bond or a methoxy group at the para position of the benzene ring. A carbonyl group is an initiator in the generation of a C=C double bond and a methoxy group is important part for determining the character of the compound's odor. A series of cinnamic acid derivatives were synthesized and their odor similarities were investigated. The results are shown in Figure  11 . Insights into the rules governing structural similarities in olfactory recognition were obtained in the present study.
Experimental
Materials: Reagents and solvents for synthesis were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan) and Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Mono Trap DCC18, purchased from GL Science Inc. (Tokyo, Japan), was used for monolithic material sorptive extraction (MMSE) and is an absorptive material with a monolithic silica structure with a large surface area.
Plant material:
Galangal was purchased from a local market in China. The material did not contain significant amounts of moisture. Voucher specimens of these materials are available from Yamada-matsu Co., Ltd.
Structural elucidation:
The compound structures were determined by 1D NMR spectroscopy by comparison with reported 1 H NMR and 13 C NMR spectroscopic data. NMR spectra were recorded on an Avance 500 system (Bruker, Karlsruhe, Germany). Silica gel 60 (Merck, Darmstadt, Germany) was used for column chromatography, silica gel 60 GF254 for thin layer chromatography (TLC), and silica gel 60 PF254 for preparative TLC.
Analysis of the constituents of galangal by GC-O: GC-O analysis
was performed on a GC-353 gas chromatograph (GL Sciences Inc., Tokyo, Japan) equipped with a flame ionization detector (FID), a sniffing port, a column injector, a polar capillary column (InertCap Pure-WAX, 0.25 mm I.D. × 30 m, film thickness: 0.25 µm, GL Sciences Inc., Tokyo, Japan) and an OP 275 olfactory port. The carrier gas was helium at a flow rate of 1 mL/min. The injections were performed in splitless mode at 250°C. The oil (1 µL) was dissolved in acetone and injected. The GC oven temperature increased from 80 to 250°C at a rate of 6°C/min with initial and final hold times of 2 and 30 min, respectively. The FID and sniffing port were maintained at a temperature of 250°C. We analyzed 3 extracts of galangal and the 3 fractions obtained from the n-hexane extract.
Analysis of the constituents of galangal by GC-MS:
GC-MS was performed on a SCION SQ 456-GC/MS System (Bruker Daltonics Inc., Billerica, MA) using electron impact ionization. The other conditions were the same as for GC-O analysis.
Sensory evaluation: Sensory evaluation was performed by an expert panel (Yamada-matsu Co., Ltd., Kyoto, Japan). The similarities and differences in the odor characteristics of the extracts were evaluated. Sensory evaluation was also performed by a nonexpert panel consisting of untrained participants. The sensory evaluation results of the expert and non-expert panels were consistent.
n-Hexane extraction of galangal:
Odor compounds of galangal (50 g) were extracted with n-hexane (500 mL) at room temperature. Removal of the solvent by rotary evaporation at room temperature afforded a yellow solid (1.84 g; extractability, 3.7%).
Steam distillation of galangal:
Steam distillation of galangal (30 g) gave a mixture of essential oil and water. The mixture was extracted with n-hexane and dried over anhydrous magnesium sulfate. Concentration of the hexane solution by rotary evaporation at room temperature afforded pale yellow oil (503 mg; extractability, 1.7%).
Extraction of head space odor of galangal by MMSE:
The fragrance material (about 10 g) and a piece of DCC18 were placed in a vial (40 mL), which was then immersed in a water bath at 60°C for about 23 h. The odor of the odorants absorbed to DCC18 was Structure-odor relationships for cinnamic acid derivatives Natural Product Communications Vol. 11 (10) 2016 1467 directly evaluated. DCC18 and the extraction solvent (800 µL of CDCl 3 or 500 µL of dichloromethane) were ultrasonicated for 5 min and the CDCl 3 and dichloromethane extracts were used for NMR and GC-olfactometry (GC-O) analysis, respectively.
Bulb-to-bulb distillation of the n-hexane extract from galangal:
Bulb-to-bulb distillation of the hexane extract afforded fraction 1 (oven temperature, < 62°C/0.20 -0.60 Torr), fraction 2 (oven temperature 62 -84°C/0.20 -0.80 Torr), fraction 3 (oven temperature 84 -175°C/0.20 -0.70 Torr), and residue.
Synthesis of (E)-ethyl 4-methoxycinnamate (1):
A flask was charged with ethyl bromoacetate (700 µL, 6.03 mmol), panisaldehyde (630 µL, 5.05 mmol), triphenylphosphine (1.52 g, 5.62 mmol) and saturated aqueous sodium hydrogen carbonate (25 mL), and the mixture was stirred for 6 h. The reaction was quenched with sulfuric acid (1.0 M), the reaction mixture extracted with dichloromethane (25 mL × 3), and the combined organic extracts dried over anhydrous magnesium sulfate. The solvent was removed by evaporation. The crude compound was extracted with n-hexane (30 mL × 4) to remove the triphenylphosphine oxide. Removal of the solvent gave colorless crystals (702 mg, 65%) that were dissolved in a mixed solvent (C 6 H 14 /EtOAc = 9:1) and the solution was subjected to column chromatography (CC) (SiO 2 -C 6 H 14 /EtOAc = 9:1) to give (E)-ethyl 4-methoxycinnamate (1) (254 mg, 24%, E/Z = 99/1).
(E)-Ethyl 4-methoxycinnamate (1)
Colorless crystals 1 
Synthesis of (E)-ethyl cinnamate (2):
A flask was charged with ethyl bromoacetate (750 µL, 6.46 mmol), distilled benzaldehyde (550 µL, 5.32 mmol), triphenylphosphine (1.74 g, 6.45 mmol), and saturated aqueous sodium hydrogen carbonate (25 mL), and the mixture stirred for 6 h. The reaction was quenched by adding sulfuric acid (1.0 M). The reaction mixture was extracted with dichloromethane (25 mL × 3) and the combined organic extracts were dried over anhydrous magnesium sulfate. The solvent was removed by evaporation. The crude compound was extracted with n-hexane (30 mL × 4) to remove triphenylphosphine oxide. Removal of the solvent provided a pale yellow liquid that was purified by vacuum distillation to give (E)-ethyl cinnamate (2) (405 mg, 43%, E/Z = 93/7). A portion of product 2 was purified by CC (SiO 2 -C 6 H 14 /EtOAc = 9:1) to afford product 2 (113 mg, E/Z = 99/1).
(E)-Ethyl cinnamate (2)
Pale yellow liquid 1 
Synthesis of ethyl 3-phenylpropionate (3):
To a flask that had been purged with nitrogen, 10% Pd/C (15.9 mg) was added. (E)-ethyl cinnamate (2) 
Synthesis of 1-phenyl-(1E)-hexen-3-one (4):
The flask was charged with a mixed solvent (6 mL, ethanol/water = 10:1) and potassium hydroxide (19.8 mg). To this solution, 2-pentanone (547 mg, 6.03 mmol) and distilled benzaldehyde (641 mg, 6.04 mmol) were added and the reaction mixture was stirred for 23 h at room temperature. The reaction mixture was poured into water (20 mL) and extracted with diethyl ether (10 mL × 3). The combined organic extracts were washed with saturated aqueous sodium hydrogen carbonate (6 mL), water (6 mL), and saturated aqueous sodium chloride (6 mL). The organic extract was dried over anhydrous magnesium sulfate and the solvent was removed by evaporation. The crude compound was extracted with n-hexane (30 mL × 4). The solvent was removed and 1-phenyl-(1E)-hexen-3-one (4) (601 mg, 57%) was obtained as a pale yellow oil. A portion of product 4 was purified by CC (SiO 2 -C 6 H 14 /EtOAc = 9:1) and Prep-TLC (SiO 2 -C 6 H 6 ) to afford product 4 (30.8 mg).
1-Phenyl-(1E)-hexen-3-one (4)
Pale yellow oil 1 
Synthesis of 1-phenyl-3-hexanone (5):
A flask was charged with 10% Pd/C (14.0 mg) under nitrogen. 1-Phenyl-(1E)-hexen-3-one (4) (81.2 mg, 0.466 mmol) was dissolved in ethanol (4.5 mL) and added to the flask. Hydrogen was introduced into the flask, and the solution was stirred under hydrogen for 5 h at room temperature. Pd/C was removed by filtering through celite. Removal of the solvent afforded 1-phenyl-3-hexanone (5) (79.7 mg, 97%) as a pale yellow liquid. 
1-Phenyl-3-hexanone (5)

Synthesis of (E)-1-hexenylbenzene (6):
To a flask that had been purged with nitrogen, magnesium (253 mg, 10.4 mmol), a crystal of iodine, and anhydrous tetrahydrofuran (1 mL) were added. 1-Bromopentane (1.21 g, 7.98 mmol) was dissolved in anhydrous tetrahydrofuran (3 mL) and added to the flask. The reaction mixture was stirred for 4 h at room temperature. Distilled benzaldehyde (468 mg, 4.41 mmol) was dissolved in anhydrous tetrahydrofuran (4.5 mL) and added to the flask at 0°C, and the mixture stirred for 3 h at room temperature. The reaction was quenched by adding water (15 mL), and then the reaction mixture was extracted with ethyl acetate (15 mL × 3). The combined organic extracts were washed with saturated aqueous sodium chloride (15 mL) and dried over anhydrous magnesium sulfate. The solvent was removed by evaporation. The crude compound was purified by CC (SiO 2 -C 6 H 14 /EtOAc = 85:15) and the crude alcohol (534 mg, 68%) was obtained as a pale yellow liquid. A mixture of the crude alcohol (518 mg, 2.91 mmol) and p-toluene sulfonic acid monohydrate (81.5 mg, 0.428 mmol) in benzene (60 mL) was heated to reflux in a Dean-Stark apparatus for 2 h. The reaction was cooled to room temperature, the resulting mixture was quenched by adding triethylamine, and then diluted with water (20 mL). The reaction mixture was extracted with ethyl acetate (15 mL × 3). The combined organic extracts were washed with water (15 mL) and saturated aqueous sodium chloride (15 mL). The organic extract was dried over anhydrous magnesium sulfate. After the solvent had been removed, the crude compound was obtained as an orange yellow liquid. The crude compound was purified by CC (SiO 2 -C 6 H 14 /EtOAc = 9:1) to give (E)-1-hexenylbenzene (6) (389 mg, 83%) as a yellow liquid.
(E)-1-Hexenylbenzene (6)
Yellow liquid 1 
Synthesis of hexylbenzene (7)
: To a flask that had been purged with nitrogen, 10% Pd/C (15.3 mg) was added. (E)-1hexenylbenzene (6) (76.9 mg, 0.480 mmol) was dissolved in ethanol (4.5 mL) and added to the flask. Hydrogen was introduced into the flask, and the solution was stirred under hydrogen for 3 h at room temperature. Pd/C was removed by filtering through celite. Removal of the solvent gave hexylbenzene (7) (50.0 mg, 62%) as a pale yellow liquid.
Hexylbenzene (7)
Pale yellow liquid 1 1-(4-methoxyphenyl)-(1E)-hexen-3-one (9) : A flask was charged with a mixed solvent (6 mL, ethanol/water = 10:1) and potassium hydroxide (24.0 mg). To this solution, 2-pentanone (455 mg, 5.02 mmol) and distilled p-anisaldehyde (694 mg, 4.95 mmol) were added and the reaction mixture was stirred for 24 h at room temperature. The reaction mixture was poured into water (20 mL) and extracted with diethyl ether (10 mL × 3). The combined organic extracts were washed with saturated aqueous sodium hydrogen carbonate (6 mL), water (6 mL), and saturated aqueous sodium chloride (6 mL). The organic extract was dried over anhydrous magnesium sulfate and the solvent removed by evaporation. The crude compound was purified by CC (SiO 2 -CH 2 Cl 2 ) to afford 1-(4methoxyphenyl)-(1E)-hexen-3-one (9) (241 mg, 24%).
Synthesis of ethyl 3-(4-methoxyphenyl)propionate (8):
Synthesis of
1-(4-Methoxyphenyl)-(1E)-hexen-3-one (9)
Pale yellow solid 1 
Synthesis of 1-(4-methoxyphenyl)-3-hexanone (10):
To a flask that had been purged with nitrogen, 10% Pd/C (16.4 mg) was added. 1-(4-Methoxyphenyl)-(1E)-hexen-3-one (9) (71.7 mg, 0.351 mmol) was dissolved in ethanol (4.5 mL) and added to the flask. Hydrogen was introduced into the flask, and the solution was stirred under hydrogen for 5 h at room temperature. Pd/C was removed by filtering through celite. The solvent was removed by evaporation and 1-(4-methoxyphenyl)-3-hexanone (10) (41.9 mg, 58%) was obtained as a pale yellow liquid. 
1-(4-Methoxyphenyl)-3-hexanone (10)
Synthesis of (E)-1-(1-hexenyl)-4-methoxybenzene (11):
To a flask that had been purged with nitrogen, magnesium (257 mg, 10.6 mmol), a crystal of iodine, and anhydrous tetrahydrofuran (1 mL) were added. 1-Bromopentane (1.17 g, 7.77 mmol) was dissolved in anhydrous tetrahydrofuran (3 mL) and added to the flask. The reaction mixture was stirred for 2 h at room temperature. p-Anisaldehyde (659 mg, 4.83 mmol) was dissolved in anhydrous tetrahydrofuran (5.0 mL) and added to the flask at 0°C, and the mixture was stirred for 2 h at room temperature. The reaction was quenched by adding water (10 mL). The reaction mixture was extracted with ethyl acetate (15 mL × 3). The combined organic extracts were washed with saturated aqueous sodium chloride (15 mL) and dried over anhydrous magnesium sulfate. The solvent was Structure-odor relationships for cinnamic acid derivatives Natural Product Communications Vol. 11 (10) 2016 1469 removed by evaporation. The crude compound was purified by CC (SiO 2 -C 6 H 14 /EtOAc = 85:15) and the crude alcohol (851 mg, 85%) was obtained as a pale yellow liquid. A mixture of the crude alcohol (843 mg, 4.05 mmol) and p-toluene sulfonic acid monohydrate (110 mg, 0.579 mmol) in benzene (80 mL) was heated to reflux in a Dean-Stark apparatus for 2 h. The reaction was cooled to room temperature and the resulting mixture was quenched by adding triethylamine and diluted with water (20 mL). The reaction mixture was extracted with ethyl acetate (15 mL × 3). The combined organic extracts were washed with water (15 mL) and saturated aqueous sodium chloride (15 mL). The organic extract was dried over anhydrous magnesium sulfate. After the solvent had been removed, the crude compound was obtained as an orange-yellow liquid. The crude compound was purified by CC (SiO 2 -C 6 H 14 /EtOAc = 95:5) to give (E)-1-(1-hexenyl)-4-methoxybenzene (11) (304 mg, 39%) as a pale yellow liquid. 
Synthesis of 1-hexyl-4-methoxybenzene (12):
A flask was charged with 10% Pd/C (15.6 mg) under nitrogen. (E)-1-(1-hexenyl)-4methoxybenzene (11) (89.6 mg, 0.471 mmol) was dissolved in ethanol (4.5 mL) and added to the flask. Hydrogen was introduced into the flask, and the solution was stirred under hydrogen for 3 h at room temperature. Pd/C was removed by filtering through celite. Removal of the solvent afforded 1-hexyl-4-methoxybenzene (12) (78.0 mg, 86%) as a pale yellow liquid.
1-Hexyl-4-methoxybenzene (12)
